Antiplatelet therapy has proven efficacy in the secondary prevention of recurrent non-cardioembolic ischaemic stroke. Recent evidence suggests clopidogrel is as effective as combined therapy with aspirin and extendedrelease dipyridamole for the prevention of recurrent stroke. As cerebrovascular and ischaemic heart disease are closely related, it would be sensible to use a drug shown to prevent vascular events in both territories. Clopidogrel meets these criteria, is superior to aspirin monotherapy, and has fewer side effects compared with extended-release dipyridamole. While there is no direct evidence supporting the use of clopidogrel in transient ischaemic attacks, it is likely that clopidogrel is effective because transient ischaemic attacks and stroke are part of the same disease spectrum. Clopidogrel could thus be useful as first line secondary prevention therapy in all non-cardioembolic stroke subtypes and transient ischaemic attacks, to prevent recurrent ischaemic events in all vascular territories.
INTRODUCTION
Stroke is a major cause of morbidity and mortality. Recurrent ischaemic stroke is preventable, and various evidence-based treatment regimens are available. Treatments should be chosen for both their efficacy and their tolerability. In patients with ischaemic stroke, the efficacy of clopidogrel was recently compared with that of aspirin and extended-release dipyridamole (ER-DP) used in combination, with similar efficacy found for both treatment regimens. 1 A new drug, cilostazol, has also been shown to be at least as effective as aspirin alone. 2 As cerebrovascular and ischaemic heart disease frequently occur concurrently in patients with previous ischaemic stroke, it would be sensible to use a drug with established efficacy for treating vascular disease in different territories. In this review, we examine the evidence base for the various antiplatelet therapies currently used in secondary stroke prevention, compare their side effect profiles and discuss the use of current antiplatelets in general atheromatous disease, and in different non-cardioembolic ischaemic stroke subtypes. We also discuss current recommendations set out in the recent guidelines produced by the National Institute for Health and Clinical Excellence (NICE), the European Stroke Organisation and the American Stroke Association.
THE EVIDENCE BASE FOR ANTIPLATELET THERAPY IN SECONDARY STROKE PREVENTION
Aspirin has long been used for the prevention of recurrent ischaemic stroke, and has been shown in both the Chinese Acute Stroke Trial (CAST) and the International Stroke Trial (IST) to produce a modest benefit, with an RR reduction (RRR) of 13%. 3 The Antithrombotic Trialists' Collaboration meta-analysis confirmed its role in secondary stroke prevention with an RRR of 22% in ischaemic stroke events (OR 0.78, 95% CI 0.61 to 0.99; p¼0.04). 4 Trials of aspirin versus aspirin plus dipyridamole (European Stroke Prevention Study 2 (ESPS2) 5 and the European/Australasian Stroke Prevention in Reversible Ischaemia Trial (ESPRIT) 6 ) have shown that when ER-DP is combined with aspirin, there is a further significant reduction in recurrent stroke when compared to aspirin or ER-DP alone. Aspirin has also been compared with the thienopyridines ticlopidine and clopidogrel. Two trials have showed that ticlopidine was not superior to aspirin therapy in secondary stroke prevention. 7 8 The Clopidogrel versus Aspirin in Patients at Risk of Ischemic Events (CAPRIE) trial showed that clopidogrel was modestly superior to aspirin, with an RRR of 8.7% in favour of clopidogrel for recurrent events, and in the stroke subgroup there was a trend towards benefit on clopidogrel with an RRR of 7.3% (95% CI À5.7% to 18.7%; p¼0.26). 9 A systematic review by the Cochrane Collaboration showed that the thienopyridines were more effective than aspirin for reducing vascular events (OR 0.91, 95% CI 0.84 to 0.98), as well as ischaemic and all stroke events. 10 Clopidogrel has also been combined with aspirin in the Management of Atherothrombosis with Clopidogrel in High risk patients (MATCH) 11 and in the Clopidogrel for High Atherothrombosis Risk and Ischemic Stabilization, Management and Avoidance (CHARISMA) 12 trials, which showed a non-significant trend towards benefit with the combination therapy, but with an increase in haemorrhagic complications. The Clopidogrel and Aspirin for Reduction of Emboli in Symptomatic Carotid Stenosis (CARESS) trial also examined combination therapy with clopidogrel and aspirin in comparison with aspirin monotherapy in patients with symptomatic carotid stenosis (>50% stenosis), and found that combination therapy was more effective with no differences in bleeding side effects, with an RRR of 39.8% (95% CI 13.8% to 58.0%; p¼0.0046). However, the primary endpoint was based on a surrogate marker of recurrent stroke risk (microembolic signals measured with transcranial doppler) rather than hard endpoints and the cohort was small. 13 The ongoing Triple Antiplatelets for Reducing Dependency after Ischaemic Stroke (TARDIS) trial which is also investigating the use of aspirin and clopidogrel but with the addition of dipyridamole, should provide more insight into the use of clopidogrel as part of combination therapy for the management of patients at high risk of recurrent stroke. 14 More recently, the Prevention Regimen for Effectively Avoiding Second Strokes (PRoFESS) trial compared the combination of aspirin and ER-DP versus clopidogrel, and found that both treatment regimens had comparable efficacy, with the combination being similar to clopidogrel (9% vs 8.8%, HR 1.01, 95% CI 0.92 to 1.11) 1 (table 1) . It is worth noting that the majority of patients recruited into the PRoFESS study had lacunar strokes (approximately 52%), while only 28% of the strokes were of the large artery subtype. Given that most patients in this study had mild stroke, the overall results could have been skewed. As it is unlikely that a trial with over 20 000 patients will be conducted again, and as the present PRoFESS trial is inadequately powered to examine treatment effects in stroke subtypes, it may never be known if clopidogrel is superior to aspirin and ER-DP combination therapy in large artery stroke subtypes. In a previously published hypothetical subgroup analysis, it was found that there was potentially significant heterogeneity in the treatment effects of the two drug regimens on different stroke subtypes (large artery subtype vs lacunar stroke subtype). 15 The large artery subtype patients had a potentially better benefit with clopidogrel compared with the aspirin and ER-DP combination (1.1% absolute risk reduction in recurrent stroke; p¼0.05), while the treatment outcomes were very similar in the lacunar stroke subtype (8.2% for those on clopidogrel vs 7.9% for those on combination therapy).
A recent randomised controlled trial has examined cilostazol, a new antiplatelet agent that seems to be at least as effective as aspirin in the prevention of recurrent stroke (2.76% for those on cilostazol vs 3.71% for those on aspirin, HR 0.743, 95% CI 0.564 to 0.981). There were fewer haemorrhagic events in the cilostazol group than the aspirin group (0.77% vs 1.78%, HR 0.458, 95% CI 0.296 to 0.711). 2 Future studies comparing cilostazol with various other antiplatelet agents are needed to determine its place in secondary stroke prevention.
THE SIDE EFFECT PROFILE OF VARIOUS ANTIPLATELET DRUGS
Aspirin, the most commonly used antiplatelet, is well known for causing gastrointestinal upset and predisposing patients to gastrointestinal bleeding, while ER-DP tends to be poorly tolerated because of headaches. In a post hoc analysis of the PRoFESS data comparing aspirin and ER-DP with clopidogrel, it was shown that there was a significantly higher withdrawal rate for patients on the combination therapy (18% vs 12.5%; p¼0.006) 16 (table 2) . Clopidogrel can cause diarrhoea and rash, but is associated with less gastrointestinal haemorrhage than aspirin. Moreover, when aspirin and ER-DP are used in combination, there is a higher rate of haemorrhagic events as opposed to using clopidogrel alone (4.1% vs 3.6%, HR 1.15, 95% CI 1.00 to 1.32; p¼0.057), and there are also more intracranial haemorrhages when compared with clopidogrel (1.4% vs 1.0%, HR 1.42, 95% CI 1.11 to 1.83) 1 (table 1) . Side effects more commonly reported with cilostazol as compared with aspirin were diarrhoea, palpitations, dizziness and tachycardia. 2 
STROKE PREVENTION ANTIPLATELET THERAPY: WHAT IS THE VERDICT? General atheromatous disease
Patients with ischaemic stroke are likely to have concomitant occult and overt ischaemic heart disease, 17 and are at risk of recurrent stroke and other cardiovascular events. 18 Therefore, in order to prevent coronary as well as cerebrovascular events in such patients, it would make good clinical sense to choose a drug to protect the patient against recurrent stroke and events related to occult or overt ischaemic cardiac disease. Clopidogrel has an established place in the secondary prevention of coronary heart disease as shown in the Clopidogrel in Unstable Angina to Prevent Recurrent Events (CURE) trial, 19 whereas similar evidence is lacking for ER-DP. The PRoFESS trial did show that there were similar cardiac event rates in both treatment groups (for myocardial infarction, HR 0.90, 95% CI 0.73 to 1.10), but the follow-up only lasted a mean of 2.5 years, and as such patients are at risk of recurrent vascular events for many years, 18 it will not be possible to determine if the combination therapy will be as effective as clopidogrel in the longer term.
1 It is worth noting that patients with severe coronary artery disease and unstable angina were excluded from the PRoFESS trial, 20 possibly due to lack of safety data for dipyridamole in patients with severe ischaemic heart disease.
Different stroke subtypes and transient ischaemic attacks (TIAs)
The pathophysiology, natural history and mortality outcomes of lacunar and large artery ischaemic strokes are different. 15 21 As a result, the treatment and management of stroke should take account of its heterogeneous nature. While there is no direct evidence to show that clopidogrel is superior in large artery strokes, it has been shown that it is not inferior to aspirin and ER-DP combination therapy for all strokes. In light of this, clopidogrel should be the unanimous choice for the prevention of recurrent stroke, irrespective of stroke subtype. And because many stroke patients have concomitant ischaemic heart disease, they should be given clopidogrel, or even in some instances, aspirin and clopidogrel, if they have had a recent cardiac event as well. 22 While there is no evidence base for the use of clopidogrel in TIAs, it may be just as effective as it is in secondary stroke prevention, as TIAs and stroke are part of the same disease spectrum. Cilostazol also has a role in secondary stroke prevention, and it would be interesting to compare it with other current antiplatelet agents. Safety, efficacy, side effect profile and costs
As cerebrovascular and coronary heart disease are closely related, it would be logical to choose a drug that is effective in preventing both recurrent coronary and cerebrovascular events. Clopidogrel seems to be the natural choice as it has shown efficacy in both cerebrovascular and coronary disease, and since it can be used safely in patients with co-existing severe coronary heart disease. Furthermore, clopidogrel is better tolerated, and therefore compliance is less likely to be an issue, as is observed in clinical practice. These costs may determine how widely it is used in the clinical context, but should not influence our prescribing practice. These costs can fluctuate greatly (such as when drugs become generic), and thus reasons for using certain drugs can change over time. As drug cost is very important in determining cost effectiveness, it is most helpful that a clinical and cost effectiveness analysis into these antiplatelet agents was recently published in a NICE technology appraisal. 23 It found that generic clopidogrel was as effective and also more cost efficient when compared with ER-DP and aspirin in combination for patients with ischaemic stroke. It also recommended the use of clopidogrel for peripheral arterial and multivascular disease.
Although guidelines from the American Stroke Association on secondary stroke prevention suggested the use of aspirin or clopidogrel as monotherapy, or a combination of aspirin and ER-DP as the only acceptable options for initial therapy, 24 with similar recommendations being given in European guidelines, 25 it is worth considering the cost effectiveness argument recently presented by NICE, and using clopidogrel as the first antiplatelet of choice for those with a heavy burden of vascular disease.
We feel that both recurrent strokes and future coronary events can be prevented in patients with non-cardioembolic cerebrovascular ischaemic events and that a drug with proven efficacy and safety in both domains, such as clopidogrel, should be chosen. The AHA guidelines recommend that the choice of antiplatelet therapy should depend on the individual patient's characteristics. Therefore, clopidogrel would be the best choice in patients at risk of developing coronary heart disease.
CONCLUSION
Clopidogrel and combination antiplatelet therapy with aspirin and ER-DP are equally effective in preventing recurrent ischaemic stroke. Clopidogrel has the additional benefit that it can be used in patients with severe ischaemic heart disease, and is also better tolerated than the combination of aspirin and ER-DP. Clopidogrel has a better side effect profile, and its generic preparation has been proven in the UK to be more cost effective than aspirin and ER-DP in combination. Stroke patients have a huge burden of vascular disease, and are likely to be at risk of future cardiac and cerebral events. As clopidogrel has a strong evidence base showing it reduces recurrent cardiac events and prevents recurrent stroke, we should consider using it as first line therapy in patients with ischaemic stroke. We welcome the guidance produced by the American Stroke Association and the European Stroke Organisation on secondary stroke prevention using either aspirin or clopidogrel monotherapy or the combination of aspirin and ER-DP as initial management. However, the recently published NICE guidelines recommending the use of clopidogrel for preventing ischaemic stroke as well as multivascular disease are immensely helpful, and should encourage us to use this particular antiplatelet agent more aggressively for such patients. We feel that current guidelines for secondary stroke prevention should be reviewed in light of the information presented here, which reinforces clopidogrel as the first choice antiplatelet therapy for all ischaemic strokes and TIAs, to prevent further strokes and coronary events.
Main messages
< Stroke is a heterogeneous disease, with the different subtypes each having different pathophysiology, natural history and mortality. < Cerebrovascular disease and ischaemic heart disease are closely related, with many patients having multivascular disease. < Clopidogrel should be the first line antiplatelet for secondary prevention of ischaemic stroke as it has established efficacy in all stroke subtypes, in coronary heart disease and peripheral arterial disease.
Current research questions
< As stroke is a heterogeneous disease, future research trials should be sufficiently powered to determine differences between various antiplatelet regimens in the different stroke subtypes. < Further research into the antiplatelet agent cilostazol would help to determine its place in secondary stroke prevention. < More trials investigating the secondary prevention of both stroke and ischaemic heart disease should be performed since all vascular disease is inter-related. 
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